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= 569,490 Americans died of cancer in 2010
= 1,529,560 Americans will be diagnosed with cancer this year

= $124.6 billion in 2010 for cancer healthcare costs

Unlike Other Major Disease Killers, Cancer Continues to
Take Nearly the Same Toll as it did in 1950

_ 586.8
600 1950
5 S 5007 B 2008
a o
$5 4007
T E
g g 3007
=R | 203.1 180.7 193.9 186.2
g 200 :
0o
1001 44 48.1
: 18.5
0-
Heart Cerebrovascular ~ Pneumonia/ Cancer
Diseases Diseases Influenza

Source for 2010 deaths and diagnoses: American Cancer Society (ACS) 2010 Cancer Facts & Figures; Atlanta, Georgia
Source for 2008 age-adjusted death rate: National Center for Health Statistics, NCHS Public-use file for 2008 deaths.



Source: IACR, WHO
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49,024 pubs 54,587 pubs 87,793 pubs 38,506 pubs

ISI search for genomics, proteomics, transcriptomics, metabolomics, phenomics, interactomics, glycomics



Drug Discovery and Development Diagnostic Biomarkers
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Year of FDA Approval
= 10-15years at ~ $1.8 billion® =  Averaging 1.5 FDA approvals per year?
= 2007: 19 NMEs [lowest since 1983] = 1000’s of samples
= 2008: 21 NMEs [29% new-in-class] = Balancing complexity of biology against
= 2009: 24 NMEs [17% new-in-class] heterogeneity of patients

Maybe...but can it be more efficient?

“Paul et. al, Nature Rev. Drug Discovery, March 2010; T Leigh Anderson, Clin Chem, 2010



NATURE REVIEWS |[DRUG DISCOVERY

Believe it or not: how much can we
rely on published data on potential
drug targets?

Prinz et. al, Nature Drug Discovery, August 2011



Over the past 40 years,

©) = 153 FDA approvals were carried out in
PSRIs (~9.3% of overall approvals)
0 93 small molecule
0 36 biologics
o 15 vaccines
o 8IVDs
o0 1 over-the-counter drug
= Most prolific PSRIs include:
NIH (22 products)
UC system (11 products)
MSKCC (8 products)
Emory (7 products)
Yale (6 products)

O O 0O O o

= Virtually all important, innovative vaccines
that have been introduced in the last 25
years have been created by PSRIs

o O

Stevens et. al, New England Journal of Medicine, Feb 2011



Key Needs (from community ‘02)

= Standards and protocols
$166M $414M

$150M = Real-time, public release of data

= Large, multi-disciplinary teams
Phase |: $273M

. e o = Pilot-friendly team environment
to share failures and successes

$48M = Team members with
trans-disciplinary training

~$1.8B/turn

Turning the Crank... The potential to transform cancer
drug discovery and diagnostics

Paul et. al, Nature Rev. Drug Discovery, March 2010



~$18 B per year

Private
Industry
$9.2 B
Fed/State
$3.4 B

NPO/Foundations, $0.6 B

NCAB Working Group Report, 2010
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Mission
“...to create and uniquely implement exploratory programs focused on the development and integration of
advanced technologies, trans-disciplinary approaches, infrastructures, and standards, to
accelerate the creation and broad deployment of data, knowledge, and tools to empower the
entire cancer research continuum in better understanding and leveraging knowledge of the cancer
biology space for patient benefit...”

2003, 2007, 2011 2005, 2010 2008 2011

2004, 2008 2005, 2008 2010



http://physics.cancer.gov/default.asp

Disease of Genomic Alterations

= Copy nhumber

= Expression (regulation of)
= Regulation of translation
= Mutations

= Epigenome
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« Systematic identification of all genomic changes
* Repeat (a lot) for individual cancer
* Repeat for many cancers

« Make it publically available
Steam table (Reference)
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454 :
lllumina
Helicos
Visigen
Nimblegen
Agilent

Raindance Febit

:2¢ Complete Genomics
Complete Genomics

SOLID
Oxford Molecular
PacBio lon-Torrent @M
NABsys
ZSGenetics
LaserGen
IBM

Halycon

Intelligent Biosystems



Genomics Proteomics

H_/

All Depend On High-Quality,
Annotated Human Biospecimens

“Garbage In...Garbage Out”




Three Cancers- Pilot Multiple data types

Biospecimen Core  Clinical diagnosis
glioblastoma multiforme Resource with more o Treatment history
(brain) § than 13 Tissue » Histologic diagnhosis
Source Sites e Pathologic status
» Tissue anatomic site
e Surgical history
» Gene expression

7 Cancer Genomic

. Characterization
sguamous carcinoma

(lung) centecs — Chromosomal copy
3 Genome number
Sequencing Loss of heterozygosity
Centers Methylation patterns
serous — MiRNA expression
cystadenoc‘arcmoma Data Coordinating ™\ DNA sequence
(ovarian) Center
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Source: UCSC Cancer Genomic Heatmaps (CopyNumber SNP6)
[https://genome-cancer.ucsc.edu/] Compiled by Jerry S.H. Lee, PhD, May 2011

Glioblastoma:

Head & neck:
Lung adeno:

Lung squamous:

Breast carcinoma:

Stomach adeno:

Kidney clear carc:

Ovarian serous:

Colon adeno:

Rectum carcinoma:

Total:

470

51
57

159

180

84

260

520

198



Spring 2012 [ chrs | chrz | chrm | chrd | chrS | chre | che? [ ehes|cnea| se | 11 | 12 | 13 | 14| 15| 18|17 |15(19)2e] |
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Source: UCSC Cancer Genomic Heatmaps (CopyNumber GISTIC2)
[https://genome-cancer.ucsc.edu/] Compiled by Jerry S.H. Lee, PhD, Feb 2012

Glioblastoma:

Brain lower grade glioma:

Head & neck:
Thyroid carcinoma:
Lung adeno:

Lung squamous:

Breast carcinoma:

Stomach adeno:

Kidney clear carc:

Ovarian serous:

Uterine corpus end. car.:

Prostate adenocarcinoma:

Colon/rectum adeno:

Total:

535

80
165
85
205

211

783

149

489

520

363
82

564



Technologies for Quantitative Analysis Major Challenges

« Analytical variability in platforms

» Lack of standards, protocols, and
reference data

 No consensus on data acquisition,
analysis, and open access reporting
of raw data

Unlike genomic technologies,
proteomic technologies were
not yet fully mature

Source: Adopted from “Defining the Mandate of Proteomics in the Post-Genomics Era: Workshop Report.” National Academy of Sciences. 2002.






2005

Protein Identification

Courtesy of Gil Omenn
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Multi-site assessment of the precision and reproducibility
of multiple reaction monitoring-based measurements of | =

proteins in plasma

@ta Sharing (“Amsterdam Principles’m

* Timing
o Data generated by individual investigators should be released into the
public domain at the latest upon publication while data generated by
community resource projects should be released upon generation
following appropriate QA/QC procedures

= Comprehensiveness

o High quality raw data (e.g., mass spectral, protein/affinity array data) be
released to the public. They should be well annotated with metadata,
information on data quality, and identification quality control data

= Format

publicly available central repositories

o0 Open access to proteomic data requires community-supported standardized
\ formats, controlled vocabularies, reasonable reporting requirements, ary

/Reproducibilitv \

First demonstration that MRM is highly
reproducible across multiple
laboratories and technology platforms

= Community Resource: Antibody
\ Characterization Laboratory Launched/

May 2009

Recommendations from the 2008 International Meeting on Proteomics
Data Release and Sharing Policy: The Amsterdam Principles

2004006008001000



» Analytical Validation Review Documents

« CPTAC/FDA Workshop - identify analytical validation r DA

needs for clinical proteomic technologies in the
context of intended use

e Qutputs:

e Public mock 510(k) pre-applications that serve as
review documents on:

* multiplex MRM-MS assay

» multiplex affinity-based assay

» Published in special issue of Clinical Chemistry (by
AACC), that informs research community and FDA ===
to technology platforms that will likely be part of = T
future 510k submissions |




Phase Il Launched Sept 2011

» Analyze matched TCGA samples using two approaches
o Targeting genome to proteome
0 Mapping proteome to genome

» Develop validated and quantitative assays and reagents

» Distribute raw and analyzed data via public data portal

DNA == RNA === Protein

Analyte
TCGA

Specimens Protein Assay
Characterization Development

Prioritization

Verification

Protein

TCGA
Data TLL Data, Results Reagents
Storage & QC

Data, Results
Storage & QC

eAnalytically validated
quantitative assays of
proteins

*Pubic data sets



Status Update: Fall 2012

= Due diligence studies near completion

o Cross network experiments show
comparable lab-to-lab measurements

= Orthogonal proteomic platforms and analysis
(proteome - genome vs. genome - proteome)
reveal additional unexpected complexities

= Verifying new insights will require additional
sample sets and development of novel analysis
algorithms and techniques

Chr 8 = Public data portal access OPEN!
(Phase I: 351 GB, Phase Il: 616 GB)
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Physics?

PHYSICAL SCIENCES -
inONCOLOGY

Time? (Evolution)



http://physics.cancer.gov/default.asp

e Define samples & protocols
 Share collected data

New Understanding

e Phase boundaries
« V/L equilibrium
e Triple Point

(Phase Diagram)
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Understanding of tumor cells in
the blood has gained
considerable attention in recent
years, mainly due to
advancements in technology

o Disseminated tumor cells
(DTCs) in the bone marrow

o Circulating tumor cells
(CTCs) in peripheral blood

~1 DTC/CTC per 10° - 107
nucleated blood or BM cells

Pantel et al. Nature Reviews. May 2008



= ~5|iters

= Major elements
0 ~55% Plasma
* Mostly water

e Serum- clotting
agents removed

0 ~45% erythrocytes

o ~4-6 billion/ml

e ~2-3 million/second
0 ~1% leukocytes

e ~6-10 million/ml
o ~thrombocytes

e ~200-500 million/ml
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= Finding A “needle” is
hard enough

= Even harder if there are
“decoys” hidden within

Prater et al. Leukemia. March 2007



Statistics generated using Web of Science with keywords “circulating tumor cells”



Scripps

LUNG

SKIN:

PSOCO0043 (UCSD, Billings)
PSOCO0044 (Scripps Clinic, UCSD, Billings)
PSOC0046 (UCSD)
PSOCO0047 (NKI, UCSD,
PSOCO0048 (NKI, Amsterdam)
PSOCO0049 (Stanford, USC)
PSOC0064 (UCSD)
PSOC0065 (UCSD)

LIVER:

* PSOCO0050 (Scripps Green
Hospital, Scripps Clinic)

* PSOCO0055 (UCSF,
Northwestern University)

PSOCO0056 (Pacific Oncology .
and Hematology) Skl n

PSOC0061 »
(Nevada Cancer Center)

PROSWHE
PSOCO0045 (Scripps Clinic:
Anderson Outpatient Pavillion,
Carmel Valley, Rancho Bernardo,
Torrey Pines Science Park)

\."S

.Breast .

Heart

PSOC Clinical Studies

BREAST
PSOCO0045 (Scripps Clinic: Anderson Outpatient
Pavillion, Carmel Valley, Rancho Bernardo, Torrey Pines
Science Park)

e PSOCO0053 (Duke University)

¢ PSOCO0060 (Scripps Health)

e PSOC0062 (Scripps Clinic: Anderson Outpatient Pavillion,
Carmel Valley, Rancho Bernardo, Torrey Pines Science
Park)

HEART:

PSOC0057
(Scripps Health)

s PSOC

PANCREAS:
e PSOCO0045 (Scripps Clinic: Anderson Outpatient

Pancreas

Reproductive
Ora@ans

* PSOCO0051 (uUsC)

« PSOC0058 (UsC)

e PSOCO0060 (Scripps Health)
 PSOCO0063 (NorthShore)

Courtesy of Peter Kuhn (TSRI)

Pavillion, Carmel Valley, Rancho Bernardo, Torrey
Pines Science Park)

e PSOC0054 (UCSF)

e PSOCO0059 (Scripps Green Hospital)

PSOCO0060 (Scripps Health
Colon (Scripps Health)

»— .

COLON:
* PSOCO0066 (Scripps Clinic)

OVARIAN:

PSOCO0052 (Scripps Memorial
Hospital, South Coast Gynecologic
Oncology)



Project Objective:
« Strengthen the research use and clinical utility of HCS CTC assays

» Develop SOPs using the best pre-analytical conditions for blood CHP
(collection, handling, processing)
* Blood collection tube type (Streck, EDTA, Citrate, Heparin)
 Time to assay (24 and 72 hours)




Results will be compared to the Veridex CellSearch® system and
will be deposited in a publically available database






“LOTS of
Quantitative and

Reproducible
Data”
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http://cssi.cancer.gov/resources-current funding.asp

Provocative Questions ($30M) Due Date 12/04/12
= Research Answers to NCIs Provocative Questions
o Group A: RFA-CA-12-015 (R01) [$5-$7M]
RFA-CA-12-016 (R21) [$2-$3M]
o Group B: RFA-CA-12-017 (R01) [$5-$7M]
RFA-CA-12-018 (R21) [$2-$3M]
o Group C: RFA-CA-12-019 (R01) [$5-$7M]
RFA-CA-12-020 (R21) [$2-$3M]
o Group D: RFA-CA-12-021 (R01) [$5-$7M]
RFA-CA-12-022 (R21) [$2-$3M]
Innovative Molecular Analysis Technologies ($10.5M) Due Date 02/20/13
. Early-Stage Innovative Technology Development (R21)
0 RFA-CA-13-001 (R21, 3 years) [$5M]
= Validation and Advanced Development of Emerging Technologies (R33)
0 RFA-CA-13-002 (R33) [$3.5M]
" Early-Stage and/or Validating Technologies in Biospecimen Science (R21/R33)
o0 RFA-CA-13-003 (R21) [$0.8M]

0 RFA-CA-13-004 (R33) [$0.7M]


http://cssi.cancer.gov/resources-current_funding.asp
http://cssi.cancer.gov/resources-current_funding.asp
http://cssi.cancer.gov/resources-current_funding.asp
http://cssi.cancer.gov/resources-current_funding.asp

http://cssi.cancer.qovVv

PO Program Manager

Emily J. Greenspan, PhD

IMAT Program Director

Tony Dickherber, PhD

* Timeline:

Jerry S.H. Lee, PhD, jerry.lee@nih.qov
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